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ABSTRACT 

The SSC dipole magnets are the major componcrrl of the SSC rccelcra- 
10,. The 50 mm collider dipole cold mass shell is 1 pressure vessel. The desica 
and operating of the dipole magnet must first consider the safety, the &oi~ 
no compromise (ref. 1). Tbc mOSt CritiCsI sllesscs in the dipole shell l rc found 
in the end shell. Tbc present analytical resull indicates that the critical 
s~rcsscs can be reduced by employin; 1a cad yoke to support the end skin 

The dipole shell is no1 only desi:ncd as a prcssrtrc vessel. but also de. 
siloed as a pre-loading device for obtaining optimum performance of the 
superconducting dipole magnet. Therefore. 1D optimom design of the end 
shell is essential to minimize quench ~~catrrcnce IS well as to realize long 
term operational safely rad reliability of the dipole. 

The dipole skin. collar and yoke. can be designed to work together 10 
rednce the following vadeslrable effecls. (1) Reduction of the critical current 
density due to over-stressed coils. (2) Generating frictional beat due to the 
micro motion of the coils under Lorcntt forces. (3) over straining of the con- 
doctor insulation leading to short sircoil. 

From pre-loading design point of view. Ihe design objective for the 
dipole shell is to minimize the coil motion 8s well as local high stress vitbia 
the coils and the insulations. 

From the safely point of view. the stress limit for the shell must be kept 
witbia l low cycle fatigue limit with adequate marlin of safety. The low cycle 
fatigue limit of tho dipole skim. especially in the arca of loagitodiaal seam 
welds. should be estabtisbed la the 4.2 K thermal environment. Rigorons 
ra~lyses and tests are needed to predict Ibe adequate margin of safety. Past 
studies indicate that the critical skin stresses arc located in the wea where the 
body yoke ‘fall off’ to the ml;nct ends. V~riomt desi;n modifications of the 
end skin were proposed to reduce the hirb locll stresses (ref. 2. J. 6) 

Critical skin s~~csSCS lonod in Ibe end skins can he minimized by otilir- 
ing II end yoke extendins from the body yoke to the end plate. Effect of the 
field quality by addiog the end yoke is not considered ia the present analysis. 



lNTlIODUCTlON 

Function* of the dipole m*gnel skin Ire listed I* follows: 

(I) To perform C* C p,essC,e Bessel. 
(2) To provide l *iCl and ,CdiCl direction pre-lo*d* 10 the colICred coil. 
(3) To sewe l * a rigid plClfo,m LO inlegr*le the coil rnd yoke Cs*cmblie*. 

the clCslic *tin pre-rtrerr is produced in two slepr: (1) Mccb*nicCl pre- 
s,,C**: Cpply I ‘skin prerr’ during *elm welding LO pre-lord the *kin to Cboul 
207 MPC (30 ksi). (b) Therm*1 prc-rlresr; optimize the gcomct,icCl. elC*tic. Cad 
thermrl irem* on the yoke. *kin l nd sClI*, IQ *llCia the detirrble coil *we**. It 
i* dC*i,Cble IO induce IocCl plastic *We** in the skin *long the *elm weld: to 
produce uniform sues* distribution Over Ihe Cnli,C length of the dipole mCg- 
CC, *kin. Tot rcsultt of the 40 mm dipole skin reveal lh*t plrslic swrinr exist 
in the longiludinrl seCm welds. The locrl pl*slic rcrlins mCy be l ctC*ted by 
thermrl contraction of the *Edna welds. Concern* about plastic st,rin Cre CC 
impar~ant design consideration. 

The *kin p,e.*t,er*er CC the shell rre designed not only to Cverc~me the 
Lorena forcer of the dipole, but Clso 10 close the yoke g*p which is specified IS 
C mernr to provide CxCct control of the coil deformlrion *nd *l,es*es which l ,e 
,el*ted to field qu*lily. The ersenlial skin SUeIs lnrlyris W*S performed CC * 
2-D section model. The model defines Ibe yoke *Cd the coll*rcd coil Cssembly 
in dCt*il* includin; gCp* between CCcb p*,t IS *howa in Fig.4. The mC*imCm 
*kin sl,es* in the 2-D section. boweve,. i* noI the mrximum *t,C*s in the dipole 
*hell. The mrximum *kin *l,C*sC* C,C found in the end shell rectioa. Under 
IhermCl loading. the end *kin *WC** ir two IitCCS thCt of the 2-D reclioa *WCS*. 
II CCC be crpresrcd *I ‘u-1.98 E*AT*M(ref. 6). This eqC*ticm *Iso ruggertr 
*ha the end rkin *t,e**Cs C,C iadcpendcnl of the skin Ibicknerr. VCrion* 
design modifIsr,ioa* of the cad *kin (ref. 2 & 3) Were ptopored lo reduce Ihe 
c,iclcCl end shell *t,C**. The prerent *C*lylicCl ,eSult* indialer tbrc by using 
CC end yoke with ruitrblc thc,mCl p,CpC,tiCS. we CCC effcclivcly reduce the 
critic81 st,C**es. 

3-D RNITE ELEMENT MODEL 

A description of the cod shell l ssembly is shown in Fig. 1. The finite 
element of the end shell atrcmbly it rbowo ia Fig. 2. The CaClyrir WC* per- 
formed using ANSYS code (4.4 l +) CC l VAX 6420 in tbc SSC LCborClory. The 
*kin. end yoke, end plr~c. verrcl herd and lbe body yoke were modeled with 
STIF-73 *bell element*. Tbe ialerf*ccs of the end yoke lo lbe *kin is modeled 
with STIF-IO IO l ccount for ‘comp,es*ion Only’ lrp-joint. NonliacCr iaterf*cc 
elemenrs ured for intcrfercnsc fit. and sliding frlclienr inside tbc end *kin is 
under cv*loCtion using STIF-52. The reIdmeat* for lhe cad plrtc rnd vcr*cl 
held enclo*C,c we l l*o included ia tbe 3-D model for determining lhe CCC- 
aeclioa* *t,e**. 

McsbCnicCl pre-*WC** CC the skin is modeled I* *kin rCdia1 p,e**we of 
6.897 MPC (1 Ksi). Tbcrmal IoCd is sonridered I* IhermCl *leCdy lord with 
iniliCl tempe,CtC,e CI 300 K Cod cool dovC to 4.2 K. II is porrible thrt lbcrmrl 
~rrnsicn~ condition may cxisl during cool dowa of the cold mC*t. Tbe skin 
*WC** in ILC trCn*icnt *,CIC will be higher IhCa in the *lc*dy *tCtC cooditioa. 

Tbe yoke body WC* modeled ICcloding helium bole* Cod bar cCvitie* IO 
CCCCCDI for IocCl r~iffenerr effect: 011 *kin *t,c**. The yoke is modeled for lhe 
boritonlC1 rplil with Co grp coafl;Cr*llCC. The model glob*1 *,ClC* is lirted I* 
follow*: Number of Element I 19g2. Number of Node* - 47511. 

Imporcd di*plCccmcCt* - 1153. Number of Force - I 
Number of clcmcal prerswe = 760. 
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RESULTS OF 3-D ANALYSIS 

The prerenl 3-D model with the yoke as an lnnulu plate can best be 
considered 1: a horizontal split yoke design with no gap. For I verlicrl yoke 
design with a initial gap in tbc rplil. lhe skin stress will be increased to l 

certain unounl dependin; upon the specified ovtlily of the coil asrembly. Fig. 
4 and 5 present the :kin stress of the 2-D section. 

The loading condition for the 3-D model is listed as following: 

(a) Thermal steady stat lord for cool down from 300 K 10 4.2 K. 
(b) Skin prc-rlrersed to 206.9 MPa (30 Ksi) by radial pressure. 
(c)Axial pre.lord to coil ~rrcmbly by 84519 N (19000 lb:). 

SIGE stress is used for the slress result. SIGE is the average stress of the 
skin calculated IS combined elastic stresses according theory of failure. The 
:~ress sta;c in the skin at lime of failure normally is considered in fall plastic 
state. Therefore. employing the SIGE. may be justified for the average stress 
approximation if low cycle fatigue failure occurs for ductile skin material. 
Stress II top and bottom over the thickness of Ihe skin arc considerably higher 
ihan the SIGE value and should be used for material shown lack of doclility. 

The skia rcrers (SIGE) for the four cases arc listed in the following: 

(I) End skin witbout end yoke support. 

Stress (SIGE) I 707 MPI ( 103 Ksi) 

(2) End skin supported by end yoke wirb a sofl interface.(soldcr) 

Sacs: (SIGE) - 517 MPa (75 Ksi) 

(3) End skin supported by end yoke with a welded interface. (weld) 

Stress (SIGE) I 597 MPa (86.6 Ksi) 

(4) End skin supported by cad yoke rnd with a lap-jointed interface. 

Stress (SIGE). 613 MPa (89 Ksi) 

Tbc yield stress for 316 LN stainless steel a 4 K after 1000 cyc1cs.i: 

Allowable stress = 896 MPa (130 Kri) (Rcf.4) 

2-D FINITE ELEMENT SKIN STRESS ANALYSIS 

The primary objcclive of the 2-D dipole stress analysis is 10 evaluate coil 
stress and deformation. Malli-field element (STIF-13) can be nsed to obfain tbe 
combined stresses from magnetic. thermal. and mccbrnical loading:. Tbe 2-D 
analysis for I 40 mm dipole magnet is modeled with lcmpcr8turc-indcpcadellt 
linear-elrrtis mrleri8lr wilboul friclio9al inlerf~cer. Local bending resulted 
from tbe body yoke cavity hare added some stresses lo tbc total skin stresses. For 
the SO mm dipole with end yoke dcrign(rcf. 4). relocrling Ibc bus cavity inward 
on the body yoke become ~ccerrn~y. The new design will greatly reduce the local 
bending stress on the rkin. 

Tbc 2-D finite clcmeol model for the 40 mm dipole arc show in Figure 
4. and S. Tbc SO mm dipole 2-D section stress is ander evaluation by engineers 
ia the cold mrrr sectlou of SSC magnet division. 
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3-D FINITE ELEMENT SKIN STRESS ANALYSIS 

The 3-D finite l leaonl strews La performed for the cad tkln 
assembly vith or vilbou~ lbe end yoke WppMlkaS the end rkla. 
brig,, case 4 k rbovn In Fh. S and Fit. 6 for Ihe radial defkctlon 
and skin llresr dirlribUtiOIL 

(I) The olslmum rrdhl defleclion on Ihe skin ir 
IA43 mm (O.OWl for Ihc detipn case 4 vllh talc 
intrrfaa. For the dericn ala I vilh no end yoke lo 
rupporl the end rkh lhe muimum radial defkction 
OD the sklak 4.62 mm (0.1127-1. 
(b) The doted lies reprrv~lr uadclromed rcctioa 
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CONCLUSION 

(I) Using so11 interface 10 join, lbc end skin 10 the end yoke will 
reduce ,hc critic41 end shell stress by 30% . 

(2) The factor of safely is 1.73 for ,he sof, inlerrrce design wi,b the 
following condilions: 316 LN slsinlcss s,eel as ,he dipole magnc, skin 
ma,erial. and under 1000 opcrlling cycles. 

DISCUSSIONS AND RECOMMENDATION 

The followings arc recommended for improvemen, of ,he 
dipole cold nass shell design snd analysis. 

(a) Margin ol safely for ,hc SSC dipole magne, needs 10 be eslablished IS 
no less Ihan 1.5. 

(b) Low cycle fatigue limit of the stin and ,hc wcldmen,s 11 4.2 K to 
300 K. need IO be cslrblirhed from dipole shell sample. 

(c) Thermal transicn, lemperrlure analysis and lest dara for ,he body 
yoke, end yoke 4nd collared coil ssscmbly need 10 be performed. 

(d) Residual s,rcsscs and the s,rCSS dislribucion on the skin need 10 be 
cvalwted. Confidence level of Ibe uniformity the skin rcsidul s,resses 
and assembling process need 10 be eslablished. 

The 207 MPI (30 Ksi) skin prc-s,rcss a, room ,empera,urc as used for ,hc 
prcscn, anslysir. needs 10 be corfirmed for ,he I4,cs, SO elm dipole design. 
Exlcrnal loadings including sopporting pas, coefficienl of lherm4l expansion. 
,empera,ore and gravity load ,o the skin need 10 be inclndcd in the final 
rn4lysis. Ia,erconncclion loadings. sc,,lemen, or misaligmcnl loldiags WC ,o 

be rddcd 10 the end shell design. The presen, analysis indialing ,h4, using 4 
11~1 encloscr herd with 2.54 cm (1.0’) lbickncss and L S cm central hole pro- 
dnces a maximum lla, head s,rcss Iha, is less than Ibe end skin slress. 
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